Background: Infantile colic viewed as a non-dangerous prevalent issue could lead to stress in parents and long-term negative consequences in ex-colicky children. Researchers have not been successful in finding a certain treatment for colic symptoms. Studies suggest completely different approaches as its treatment. Massage therapy as an alternative method in reducing colic symptoms has been recommended in several studies. Methods: A total of 100 colicky infants in a single blind study were randomly specified to two equal groups of intervention and control. Infants in the intervention group received massage for 15-20 minutes once during the day and once at night before sleep, while infants in the control group were rocked for 15-25 minutes when the symptoms of colic appeared. Parents recorded the details of the colic symptoms in a diary every day. All these outcomes were modeled simultaneously via a random-effects joint model. Results: Among 100 infants included in the analysis, 48% were female; 91% of all infants were breastfed and 54% of them were born via normal vaginal delivery. In general, the effect of massage therapy on colic symptoms was assessed using the joint model. Our findings illustrated that massaging colicky infants would substantially reduce colic symptoms and increase the sleep duration in babies compared with the rocking group (P<0.001). Conclusion: Massage therapy could be considered as an effective method in reducing colic symptoms. Mean of the symptoms dropped significantly in the intervention group compared with that in the rocking group. Our study also represents that a relevant and correct statistical model could result in more reliable findings.
Introduction
Depending on various definitions, locations, and difference in study designs, the incidence of infantile colic is from 10% to 40% in infants aged <3 months. 1 The incidence rate of this syndrome in Iran is about 20%. 2 Based on Wessel's description of the "rule of three," a healthy infant with crying more than 3 hours a day, 3 days a week, and 3 weeks in succession is colicky.
Despite the fact that colicky crying is not dangerous for infants, it would cause depression and anxiety for their mothers. 3 Moreover, it would cause marital stress in parents and behavioral problems in children. Previous studies reported high prevalence of paternal depression. Between 2% and 25% of fathers of these infants would experience depression. 4 This condition can probably affect mother-child relationship and has significant burden on health care system and parental caring.
Pediatric Health, Medicine and Therapeutics 2018:9 submit your manuscript | www.dovepress.com
Dovepress

158
Mansouri et al
Although commonly viewed as a minor issue, it also imposes considerable cost to health care system. Infantile colic seems to be a risk factor of childhood migraine without aura. 5 It could pose problems to ex-colicky children's behaviors and leads to less academic achievements compared with their peers. 6, 7 Shaken baby syndrome could also be considered as a consequence of increased infant crying. 8 Some studies have shown that colic does not have longterm consequences. 9 Nonetheless, some others have revealed possible long-term adverse effects of colic are sleeping disorders, problems in family relationship, and even psychological disorders in future lives of colicky infants. 10, 11 Having more often temporal tantrum in ex-colicky children has been recognized as another long-term consequences of colic. 6 Despite easy recognition, its certain treatment is still unknown and all suggested ones have little or no effect or they have unwanted side effects. 12 Based on these nonscientifically proven causes, various treatments were proposed, ranging from drug therapies to behavioral strategies. Simethicone and dicyclomine hydrochloride are two very famous drugs prescribed for this symptom. Yet, no study has proven the efficiency of these treatments. 13, 14 Massage therapy as an alternative method to reduce colic symptoms 15, 16 has also positive influence on weight gain 17, 18 and development of immune system in preterm infants. 19, 20 It has been shown that massaging infants could stimulate sensation which generally leads to pacifying the infants. It can also improve mother-infant relationship. 21 In reviewing literatures, we could not find any published papers regarding the assessment of massage therapy on number and duration of crying as well as sleep duration in colicky infants. The majority of these studies considered duration of crying or infant's sleep duration as their only outcome. 15, 16 However, there are studies in which all these outcomes were considered to determine other methods' effectiveness on infantile colic rather than massage therapy. 22 For this reason, we decided to conduct a study to assess the effectiveness of massage therapy as an alternative treatment in infants with colic symptoms using all the abovementioned responses as outcomes of our study.
Material and methods
This was a randomized, single-blind, placebo-controlled trial study to evaluate the effect of massaging as a treatment to pacify infantile colic symptoms. One hundred full-term birth colicky infants aged younger than 12 weeks were randomly allocated to two equal groups (50 infants in each group) of massaging and rocking.
At first stage, the study protocol was registered in the Iranian Registry of Clinical Trials (IRCT), with a registration number of IRCT201106054317N5. Parents of colicky infants were informed about the aim of our study before recruiting. They also signed an informed consent form. To calculate the sample size of this study, the results of similar studies 23 were considered with a significant level of 0.05 and power of 80%. Based on consultation with pediatricians, one hour was determined as a significant difference between the mean of cry duration in the two groups. Based on this information, the minimum sample size of 47 infants per group was determined. In case of withdrawal, we considered 50 samples in each group.
Infants who were brought to pediatric clinic of Amirkabir hospital of Arak were examined by a pediatrician based on Wessel's criteria. Selected infants were randomly assigned into the massage and rocking groups based on their referral day. Hospital staff, such as pediatrician, were kept blind to the allocation. However, it was impossible to apply blinding method for the family of the infants.
The pediatrician and hospital's staff were unaware of the treatment of each group. However, because of the nature of our treatments, it was impossible to blind the methods for mothers. Using any other treatments, having allergy to lactose, and suffering from any other known diseases were considered as exclusion criteria. Moreover, infants with mothers smoking during pregnancy were also excluded. Among the infants passing these criteria, those without skin problems or other limitations on receiving massage were recruited. Parents were taught to distinguish between colicky crying of their babies with other types of crying. After recruiting the study participants, their parents were trained to how to massage or rock their babies. They were asked to do what they were taught in front of our specialists so as to correct their possible mistakes. This test was performed during and after our study in order to recognize and exclude parents who do the massage or rocking in a wrong way. The infants' parents were asked to massage infants for 15-20 minutes once during a day and once at night before sleeping during one-week period. Mothers in the control group were asked to rock their infants gently for 15-25 minutes when the symptoms of colic appeared. All parents recorded the duration of crying and sleep of their infants (hours per day) as well as the number of colic crying throughout the day for one and two days before starting the intervention, which was considered as baseline information. These outcomes were also recorded in a diary for 1 week after starting the study on a daily basis. A committee including 10 experts in midwifery, obstetrics and gynecology Pediatric Health, Medicine and Therapeutics 2018:9 submit your manuscript | www.dovepress.com
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Effectiveness of massaging on infantile colic pediatrics, and neurophysiology verified the validity of the information diary. To have more valid registration, parents were guided by two members of our research team who were blind to the allocation.
Ethical consideration
The participants of this study could withdraw any time they wished. Each participant also signed a written informed consent. Our study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Shahid Beheshti University of Medical Sciences. The reference number of ethical approval was 116/1769. Due to ethical considerations, we are not allowed to share individual information or the de-identified participant data.
Statistical analysis
All statistical analyses were conducted using SAS version 9.4. We used Pearson's chi-squared test and independent samples t-test for categorical and continuous variables, respectively, to assess the statistically significant differences in levels of demographic and confounder variables. We also used Mann-Whitney U nonparametric test for non-normal data. Furthermore, since we were confronted with situations in which multiple outcomes were recorded simultaneously and measured repeatedly over time, a statistical method that jointly models these outcomes and considers the relationships among them could be applied. Thus, we applied randomeffects joint model of Poisson and normal distributions to explore the effect of intervention on all three responses at the same time in the presence of other variables and consideration of within-subject association and associations among different responses of each person. P-value <0.05 was considered statistically significant.
Results
All infants completed the study because no adverse effects were reported during the trial and none of the parents refused to continue our study. In the present study, as shown in Table 1 , among 100 infants included in analysis, 48% were girls and 52% were boys. Mean age of infants in intervention and control groups was 4.32 and 4.8 weeks, respectively. Mean age of infants' mothers was about 27 years; 91% of all infants were breastfed and 54% of them were born via normal vaginal delivery. Median of gravidity was 2, which means number of pregnancy in more than half of mothers was 2. The mean of days from starting colic for all infants was about 10 days. As illustrated in Table 1 , no significant differences were found in demographic information between the massage group and the rocking group at the significant level of 5%. All variables with P-values <0.2 were considered in our final joint modeling process so as to consider their confounding effects on our final model. Table 2 shows the changes in means of colic symptoms during the study. As can clearly be seen, the number and duration of crying in the massage group had more reduction compared with those in the rocking group. The mean number of crying in the massage group was about six at baseline and it became about four at day 7 of our study, while the average number of crying remained almost unchanged in the rocking group. The duration of crying in the massage group experi- 
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Mansouri et al enced a considerable reduction, from about 5 hours at baseline to more than 1 hour at the last day of our study, whereas in the rocking group, this time reduced by about an hour. Decline in the duration of sleep as another indicator of colic also increased by close to 4 hours in the massage group. However, this indicator stayed the same over the study period. Table 3 illustrates the effect of massage or rocking on colic symptoms during the study. As shown in this table, all of our three outcomes were significantly associated with the interaction between time and group variables. It reveals that duration and rate of colicky crying in the massage group reduced considerably during the study (P<0.001, b 2 =−0.401, -0.056, respectively). These P-values and coefficients indicate that the mean duration of colicky crying of infants in the massage group decreased about half an hour more than the rocking group each day. In addition, the incidence rate of crying reduced about 7% more (1−exp(−0.056-0.016)) in the massage group than in the rocking group.
Durations and number of colicky crying were considerably lower in final days of the study in the intervention group than in the rocking group which can be inferred by both the negative signs of the coefficients and their values. Furthermore, massage therapy had also positive influence on infants' sleep durations which means sleep time increased substantially during the study in the massage group (P<0.001, g2=0.439).
It can also be inferred that time from colic onset has significant effect on sleep time as well as on duration of crying. The longer the baby suffers from colic, the shorter they cry and the more they sleep (P=0.013, P=0.026, respectively). It could also decrease the number of daily crying. However, it was not a statistically significant relationship. According to its P-value (P=0.066), this relationship needs more assessment.
Duration and number of colicky cries reduced significantly with increasing gravidity, but sleep duration of colicky babies of mothers with more pregnancy experience was considerably longer (P=0.004, P=0.01, respectively) than babies of mothers with less pregnancy (P=0.04). Although these variables showed significant relationships with colic symptoms, the relationships have been taken into consideration through our model so as to obtain more accurate results regarding our main goal. Figures 1-3 display the trends of colic symptoms by group from baseline to day 7. A considerable reduction in the number and duration of crying in massage group was observed, while these symptoms remained approximately stable in the rocking group (Figures 1 and 2 ). As can be clearly seen in Figure 3 , although sleep duration increased substantially in the massage group, it did not change in the rocking group.
Discussion
Although there is no evidence which proves colicky crying is harmful, it could be a stressor for parents and would impose a dramatic burden to health care system and Table 3 Results of joint model to assess the effect of massaging on three outcomes related to colic symptoms simultaneously in the presence of other variables 
Duration of crying
P-value Sleep duration
P-value
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Mansouri et al parental caring. Unfortunately, no proven treatment for curing colic has been introduced. A vast number of studies have suggested various approaches to ease its symptoms, ranging from chemical drugs to traditional medicine. Massage therapy as one of the suggested alternative methods to alleviate these symptoms was applied in this study. We compared the efficacy of massage therapy with rocking on colic symptoms' improvement. Our study revealed that colic symptoms (number and duration of crying) would be mitigated substantially in the massage group. We also illustrated that massage could significantly increase sleep duration.
Although several studies have shown that massage therapy has positive effect on infantile colic syndromes, 24 none of them have considered correlation of these symptoms, which can be considered only in a joint model. Our study illustrated massage therapy has a positive influence on improving colic symptoms. Since we applied joint model, a sophisticated statistical method which considers all the associations and modeling all responses in a united model, our results are more reliable than those of studies applying separate models. 25 In joint models, not only the within-subject correlation of such data is taken into account, but association among responses is also considered. Failure to consider these associations may lead to different or even misleading results. 26 A similar study showed that the number of colicky cries could reduce in infants taking massage therapy. 27 A study conducted to evaluate the effectiveness of massage, sucrose, herbal tea, or hydrolyzed formula in the treatment of infantile colic showed that massage therapy was an effective method in reducing the duration of crying. 15 However, it was not the most effective method in this study. Another finding revealed that although massage therapy did not reduce gastroesophageal reflux disease symptoms scores, cortisol level indicating stress decreased significantly in infants of the massage group. 28 A study with the aim of investigating the effect of aromatherapy massage on infantile colic using lavender oil demonstrated that the mean time of weekly crying dropped dramatically in the massage group. 16 Another study comparing massage with crib vibrator for treating 58 colicky infants <7 weeks of age showed the amount of total and colicky crying decreased significantly in both intervention groups. 29 Although we have not done any investigations on other types of crying, our findings illustrated a significant reduction in colicky crying of infants in the massage group, which is in accordance with the results of previous studies.
As can be seen, numerous studies have suggested massage therapy as a treatment for colic symptoms. 30, 31 However, there are studies that showed that massaging colicky infants is not more effective than placebo. 32 The majority of studies on infantile colic explored the effect of massage therapy on each of the symptoms separately, while we considered these symptoms as well as sleep duration simultaneously. Findings via applying such sophisticated models would be more reliable. Thus, based on our results, we could infer that massage therapy is an effective factor in reducing colic symptoms compared with rocking colicky infants.
Our study had its own limitations. Since parents performed massage at home, it was impossible to check whether they have massaged correctly. In addition, the similarity of the massages given by different parents and possible mistakes by the parents in calculating sleep and crying duration was also debatable. To overcome the first problem, the performance of parents examined three times: before, during, and after study. Moreover, an advisor was in contact with them to answer their questions during the study. The longitudinal design of our study assisted us to consider each person as their own control. Because our aim was evaluating the colic symptom changes in every participant, the parents only compared with themselves not anybody else, which solves our second problem.
On the other hand, as it was alluded earlier, some studies showed that massage therapy was not a sufficient approach for treating colic, and colic symptoms reduced automatically over time. 23 These studies lasted for at least 4 weeks which was long enough for curing colic. However, our study was conducted for 7 days. So, it can be inferred that massage therapy decreased colic symptoms and can be considered as an effective treatment for colic.
